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The NVy has I 4 v&'t ij it ing t, u.ifiqus tO I dIICC jet cngine

noise daring ii,,und iun up t.'ting. , Rmylng has conducted

exploratory %.r)ik uni,-,r two N;lvy Crtr acts, ,'00156-12-C-1053

and Npi156--3-C- /21 , p .'i3r.)tory to releaLse of this contract.

The objective of this progqim is to continue the dcvelopirnt

of the Coanda/Refraction concept, investigated during the

exploratory contracts, to attenuate the noise generated in the

exhaust of turbojet/turboian aircraft engines during ground

run-up testing.

Full scale design, fabrication and testing will e accomplishud

using the Coanda concept, to validate the results obtained during

the exploratory model studies and provide accurate noise

reduction data. Concurrent with the full scale activity,

additional iodel studies will also be conducted to evaluate the

Coanda concept and its applicability to engines installed in airfra ,es.

This document defines the detail plan that will be followed to

accornplish the overall programn. ,

Ni- RLIF1VAI R-RVFNCE WORDS:
_ r ; _. S t, r r £ _ __ _ _--_r

Ground Noise Su~pressor

___ OI, _ f__t 0_e~'Qt Qf t _ _ _ _

NO. 03-9574

REV LTR:|PAGE 3

[-3042 RI



TABLE OF CONTLNTS

PAGE

LIST OF FIGURES ........... ....................... 6

LIST OF TABLES ........... ....................... 7

NOM NCLATURE................ ......... 8

1.0 I NI RODUCT I ON .......... ......................... ... 10

1. Background ........ ......................... . 10

1.2 Objectives ......... ......................... o.12

1.3 Technical Approach ........ ...................... . 13

1.4 Covernment Furnished Equipm;ent... ..................... .. 16

2.0 PROGRAM PLAN ............ ......................... 17

2.1 Task I ............ ............................ 17

2.1.1 DLsign Studies ......... ........................ 17

2.1.2 Test Site .......... .......................... 27

2.1.3 Instrurnc-tation R-quiremients ..... ................. . 27

2.2 Task I I .......... ........................... . 37

2.2.1 Noise Suppressor Fabrication ...... ................. . 37

2.2.2 Test Equipument Fabrication or Purchase .... ............ . 37

2.3 Task III .......... ........................... . 38
38

2.3.1 Demonstrator Test Cell Set-Up ..... . . .. . ......

2.3.2 Data Acquisition System ..

2.4 Task IV . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
2.14.1 Full Scale Hardware Test Program ............. .. 50

5)42.4.2 Acoustic Evaluation 54

4C" L / z/,, NO. D3- 574

PFV LIP: SC PAGE 14

E-3033 RI

* - _ _ _ _ _ _ _ _ _ _ _ _



V Vi

TABLE OF CONTLN$S

2.5 Task V . 60 

2.5.1 One-Sixth Scale Model Test Piogram . . .. ......... . 0

2.5.1 .I Des ign .......... ........................... ... 62

2.5.1.2 Fabrication ............ ......................... 66

2.5.1.3 Test Set-Up ........... ........................ ... 66

2.5.1.4 Instrumentation ......... ....................... .... 71

2.5.1.5 Test Plan ............. ......................... 15

2.5.1.6 Data Reduction ..................................... 0

2.6 Task VI . . . . . . . . . . . . . . . . . . . . . . . . .. . 93

2.6.1 De-onstrator Hardware Disposition ...... .............. 83

?.A.2 fiodel Test Ruport .......... ...................... R3

2.6.3 Dz:-,onstrator Test Cell Cost Analysis ..... ............ •.. 84

2.6.4 D--onstrator Test Cell final Report . . .......... . 84

2.6.5 D, sign Drlwings . . . . . . . . . . . . . . . . . . . . . . . 85

3.0 REFERENCES ....... ......................... 86

FIV LTR: SI-CT PAGE5

E -3033 RI

4



LIST OF FIGURES

NO. PAGE

1 PROGRAM SCHFDULE . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2 COANDA/REf",ACTION NOISE SUPPRESSOR ................... 18

3 COANDA SURIACE CONTOUR CRITERIA ........ .................... 22

4 EJECiOR DETAILS-THREE EJECTOR TRANSITON ...... ................ 24

5 COANDA SURFACE AND EJECTOR PRESSURE AND THERMOCOUPLE INSTRUMENIATION 29

6 ENCLOSURE AIR INLET PRESSURE AND WALL VIBRATION INSTRUMlENTATION .. . 32

7 ENCLOSURE ACOUSTIC INSTRUMENTATION ......... ................... 13

8 FAR-FEID ACOUSTIC MICROPHONE LOCATIONS ...... ................ .34

9 NEAR-FIHED ACOUSTIC MICROPHONE LOCATIONS ...... ................ 34

10 S]JRUC[URAL INSTRUMENTATION LOCATIONS ...... ............. 35

11 NOISE SUPPRESSOR SYSTEM A/F32T-2 ........ .................... .

12 COANDA AND SUPPORT ASSEMBLY .................................. 40

13 EJECTOR AND SUPPORT ASSEMBLY ........... ...................... 143

14 EtOCK DIAGRAM OF DATA ACQUISITION AND PROCESSING CONCEPT ... ........ 47

15 APPROXIMATE JET WAKE VELOCITIES AND TEMPERATURE-S FOR THE J-75

AFTERBURNING ENGINE ........... .......................... . 53

16 NAVY COANDA/REFRACTION NOISE SUPPRESSOR TEST RESULTS PRINTOUT-TYPICAL.. 57

17 FULL SCALE COANDA SURFACE BASELINE NOISE -(EXAMPLE) ... ........... .. 58

18 COANDA AND FJECTOR TEST SET-UP ........ ..................... . 63

19 CO7'1 NULAR FLOW TEST SET-UP ......... ....................... 64

20 TWIN ENGINE COANDA AND FJECIORS TEST SET-UP .............. 65

21 DIhENSIONAL DRAWINGS OF REVISFD COA NDA SURFACE EJECTOR AND

ADAPTER ............. ............................... 67

22 COANNULAR FLOW ENGINE SIMULATION RIG ....... .................. .68

23 DIM[NSIONAL DRAWINGS OF TWO ENGINE COANDA SiFACE AND EJECTORS ..... ... 69

24 ADDITION OF SECOND NO77LE AND BURNER FOR [WIN ENGINE SIMULATION . . .70

25 PROPOSED PERFORMANCE OUTPUT FORMAT ....... ................... . 81

/.2Y,/-?'V jNO. D3-9574

RIV L FR: I PAGE 6

E 3R



LIST OF TAFIES

NO. PAGE

I AIRCRAF T TUPi OJLT/FAN INGlt .S ........ ..................... . 20

2 NOISE CRIIERIA ................. ...................... 26

3 ENGINE INSIRUMNTATION ......... ........................ 28

4 CO.-,',DA AND EJECTOR INSTRUM-ENIATION ....... .................. 30

5 SIPUCTURAL INSIRUtMLNIATION .......... .................... 36

6 COA'NDA AND SUPPORT ASSI-MBLY SUBSECTIONS ...... ................ 41

7 lIST CONFIGURATIONS . . . . . . . . . . . . .. . . . . . . . . . . . . 144

8 J/5-P--19W PERFOY',AANCE RATI NGS .......... ..................... 145

9 FULL SCALE lEST PROGRAM SU ?ARY ESFIMATE ............... 52

10 TAILPIPE MISALIGThENr INSIRUMIFNTATION RFQUIRENt...S ................. 72

H1 TWIN LNGINE INSTRUtMENIATION REQUIREMENTS ....... ............... 73

12 GLNERAL IN SIRU.",E!TATION RIQUIRE-,ENTS ........ ................. 14

13 TAILPIPE MISALIGNMENT TEST CONFIGURATIONS ....... ............... 16

14 COANNULAR FLOW lEST CONFIGURATIONS ......... .................. 17

15 TWIN LNGIJE TEST CNIUAOS........................18

RE rV LITR: FECT PAGE 7

E-3033 FR



ALER[-VIATIONS AN4D SYVBOLS

A/B AtIFJLIM4 NG

A/F AIR IJORCE

Amb N

A. R. ASPtCT RATIO

Atin A IMOS Pif- R IC

CRES CORROSION RVSISIANT STEEL

dB DECI BFL

Dia D IAME IER

Di-i D I fLNS I ONS

DOC DOCUMELNT

E A MR ELI~ILRING I DVAN0E)D PIAIERIAL REQUEST

F, b I R I CA IIOlN

rac I-ACIt.1fY

0 F DI ;RI S I "I' HEIT

Ft It ET

GTE COVI IYh -URN", I SHM D I QU I PMENT

01NSS GROUND NO ISE SHPPRESOR SYSTEM

gpm G!ALLONS PER MINUTE

Hg MKRCURY

Hz FREQUE14CY I N HERTZ (CYCL-ES PIR SE cON'D)

in. INCHES

K KNO TS

KHz FREQUENCY IN 1000 IALRIZ (CYCLLS PLR SECONDI

LBS POUNDS

ma t MAT ER IA L

Ma x MAX IMUM

Mil MILITARY

PEVLIR:D3-9574

Pf---V~- - -:YCTPG



N9- P J CI.A[URE - CONrf 'D.

AfF, -R.VIA1 IONS AND SYMROLS

Min M ItNUELS

MPH fI l.S PER HOUR

No. LR

Outbd OUi KOARD

O.D. ON! DOCK

P f ki "SURE

,LP CHANE IN PRESSURE

Prel im FRFLI_ I ARY

psi POUNDS PER SQUARE INCH

psia POI U NDS PER SQUARE INCH ABSOLUTE

psig POUNDS PER SQUARE INCH CAGE

R RADIUS

R d RAD I US

Ref REA f REiCE

RPM REVOLUTIONS PER 11 INUFE

Sec SECOND

St STEEL

T iEMPERATURE

Typ TYPICAL

(',L 4 'I,"NO. D3-95'L4

PFV LTR: [CT PAGE 9

Id F-3033 Al

4

___________,_



1. 11,1 Pac bl Ir ON

one of the rutser ious pi oblce'ns associrated with grounld testing of jet
airct'ift engIines is the '!Xtrelmeily high noise level rajdiated from the test area.

The no-ise rnnesope.rating percurinel hearing and disturbs nearby com-inities.

In ordeJtr to al Irvia3te tirc Navy contribution to this crucial, worldwide problc--n,

the N~va] Air Sys't1cm's Cc~edhas initirated a noise reduction progr.am to

attcint"'te rnoi,-e ri-at.-d by N.avy/Iarine aircraft gas turbine engines during

giro)itid run-up t-sting. This includes noise radiated by in-airframne engines

during ircraf t (ji anid run-up, preflight trim checks, and pre-/post-nraintenance

t,-sting, is .,i s out--of-aircraft engine testing on portalble test stands or

in test cls

Paist cajuip .e-nt procuremeunts and design studies have been limited to

stat-uftheart ardareand techinology which, although effective in reducing

tngine roi ) -.-e, not yet bee-n developed for prolonged dura bility against the

<vece ffetsof ~ngline exfia-ust; viz., high rimpact forces, excc'ssrve tc-pera-

tures, -.nd untraine-d -onta minants. Furthermiore, procurements of noise

sr1 pro-,sion rvritip.ernt or test cell acoustic baffles ha-ve been diverse in origin

.7nrd objectives, so that the existing qupetis not interchangeable. VMany

def-signs acco-,imod.a-te only one engine. Lock of comm-,-onaity in design does not

pe-rm-iit a pra-ctical, efficie~nt logistics plan for fleet support and for replace-

i -nt of deteriorating parts.

The,- exploratory developme-nt phase of the Coanda/Refraction suppressor

d.vcq nt en.s ccn9'!icted ujnder Navy contracts NOOI 56-72-C-l 053 and

Valb-/3C- jP , nd is r ported in References I and 2. The specific

conclusion-s from the initial effor ts are as follows:

(a) A te'chnological approach applying the Coa-nda ef~ect and

the noise refraction principle to jet e-ngirnes has V',en

derived analytically and ve-rified expet imen~rtally.

PIN!11 R: FCT1.0 J )0S 1
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V Vo

(b) The velocity ,rid ticrr:.al 9rdints in the turned

flewa c. cd the no!ise to ref r, a .t a,,ay fr-on the

flow. 'o, st ic matC. a I L Iuh) nd the Coar Ida surface

can t.n 1h,urb a port ion of tIie rcf ro c ted rgy.

(c) Initial C.!iu(Ia surfrce c-onfigu ratio n p r.3rmeters

-,.-ve hcn d,erivt:d for. radius-of-curvature and jet

,dptr vidth- to-h- ight rat ios for optimum jet

efflux b,-rd i ng.

(d) Onu-sixth scale 'odel Co.-inda surfaice par.:,-eitric

test "results ray be extrapolated for full scale

r,:del op,:rational tests.

ic r, ults f. the initial efforts will be used as tchnlical

eJide liros fur tc v.rk .uirod by this contract. Specifically, the

pysical chr. ._oteristi t/p r rrti, s of the one-sixth scale moodels will

!,e extr,_oldt-d to full siie ,,eprij,.:ntaI hard,a re with the objectives

of d,-plic t g j It-Liridirug a i -,-duction ch3racteristics, as well as

r.solving c.jcoustic aspects which could not be accoz;-plished by the eodels

t fsts.

L-'fi'_YJfd] NO. D3-9574
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1 .2 0!)j A.(,t ivi's

Tie .'t ive of this5 I' - ".I) is to (nt ifue- the dCe"(:lop, u-t of thle

Ce.,;rr/Pfr't ion (Onccpt fur attenUat ig tie onine ', "-rate d in the ( h.Iaust

of tur ,luj#it/turl ofan aircraf t engines diiri Al y nnd runup testing.

This n-irk QwI l expand the i usults Ai wn the t xplor-Atory '1:velc~riet

I eies Ly aeIlving L-it a in aspects which1 murl no)t fe( ,cc o:npI i shd wi t hin

tieehe of the initial contracts. fn -,,Idit ion, this pf gre-n will 1lie uri- lted

t. _,d ~ c'iga finali,7td stat,;..,:ft of tihe C'/Pfct n (''t ,;ith

p I-i c, *t ons t o pc if ic rniI itair y o bject i vus Auc h a s teCS t L1(CI :X K WS t 0 y t;S

iIan -i fcA f t runj,-uiip s ,j)ppre-,s or s y s tQm s. Ti-e ratiUdoloigy to Q uti 1icd

i 1 s Ixti miol.-tiun of the model study results to full size --fi ~ta]
iiA-:r n . Axt live tun'ting, design analyses, ,rnd docui;,cnt, t ic~ of

T Ile I Ig r- c n: bjoc t i ve o f t h is prTog ram- i s t o 9 --geera te a " fimni I y"' of

Airr ft :-i sjine nois s prcos Th is gre o,,ip v,,i111 FBe r elIa ted i n t ec himo I(-g i3l

4j (in I o tihc C d/ i -c t ;inf L ti i'p t , bujt w i I e va r ied i n 'q ui n t

Ltr ur t ion for LOch type of Navy/M-ar ine Corps eng ine test fac ilIi ty; e.g.,

t t Al ai rcr aft run -utp, po r tablIe nuf fIe r .

T es b-sred operat ional character ist ics of the equ i p: nt to Le

I kd du r ing this program are as fol lows:

() Improved low-frequency noise atte nuation.

Cb) A~coustic eitscnts posit loned out of the pric :ary cx!,auist f low

prsth to avoid deteriOration due to YJt~aust flow for(cs an)d

ut ra i nd cc-nt amnrants.

(c) [l hrnnatioin of turning vlsarid acssoc iated structural

support Oun jftS.

(d) El iimination of (xtl:fsive ruqui rw-cents for a cool ing w~ater

systtim to support aftcrburner engine testing; this includes

w-iter spray r ing, piping, pumps, and anociated cnclesurcs/rns.

t' hit:ven ent. of the-se o-.ierat ional character istics wil leIItad to ipoe

icl Ki hty, FrairitainabilIity and logist ic support.

17/L/-/z/i.JNO. 3-974
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During the p ci iiinaiy iintask, consirlur'-ticn will be giv'en to

the effect. of J-5'?, j.-5, J-15, J-i?, 11--30, and TF-141 ciyirec e (rat tug

J)11urui~crs to (1,f ;1)Q the pi opo'ed - i ; i _,or L.iy' bi I it ics for jet dJ cc t ion

'n L'-J~t iC ittat-m-iion. In v,!it;(,n, f ,Icl 5tudie-s will Ie cc~n),uttd to

d4.tun!,I'itic thle '!. p I ieibi I i ty of the C',./frcin (omicept to gro-eid t. st

ciyqines in thcir aii fr.-n',s.

Tie, tciinttal yjp ,ich for cc'iuct ing this .rcrm is:

(a) Ut i 1 i e the feni bilI i ty/ init ia 1 siing 1( 'J'ds ;1.1 1.UlIts to

d velop full site d-:-nstraitor Ir-..

(b) Condullc t - ,,lIyt i c t ud i '_ /eaIr. I)Il,t I ' [s to .!. '' ), a

Eadae for fur thur 5vl~ t tets for .a' jst 7r_ pt ve

chdrocttcr istics, .~~:tdcooling air inlets, .,nd (3- f1.(tor

-. urfacc film cooling air slots. The ejectors and Co~lno.3

d~f i.- tor enf cu rat ions resulIt ing from tfie txplIor.3tory

deve I ent A. e will Le u-"d in the full ,rale

(c) F.,1ric-te a full )clednstiotor unit.

(d) Using a full s i,! c ? onduoct extensive testinrg for

r~.~ure~ntof prt-sures, te:7.cratures, -.,-ss air flov~:s,

arid acoustic spctra.

(e) Using recorded data and observations from full scale jet

deflt'ction tests, establish rcalistic nois-e recluction

crite-ria for raeia election and operational pi-ocedukrcs

I f or Aj".d syst t~s.

(f) iMdel studies will inclUde enqine/Ccoavida misaligni:-cn-t,

cco, nnul Ia r flIow a nd t w in v n i ne e xha ust evalIu at ion s to

a3ssi st in deti lni ng the appl ic;-bi Ii ty of the Cr,-n a

conc ep t to (-;,g i ;,cs inms-,a I Ied i n a ir fr,--.,,-es

IN L T: NO.- 1
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The plal')iud pi ogran Wi 1 be ,-lcmo:npl i sl ed under six t,,Aks

decr i.Lcd below:

1ASK I will consist of the design of full scale fexpcrir,.enta"

h, rdh.re including suppressor elements, enclocure structurt'. test

site instrumientat ion, and the prepiration of a dttai Id t,:st pl.on.

IASK II will consist of the fabrication of the d:u, ,sti itor

noise suppressor and all e'quipiocnt nwcesary for the t.st

site and test setup.

TASK Il will consist of the asse;T:bly of the dcmonstrator

roise suPpri.-s',or, and installation, calibration and ch._ckout

of all rqulred instrzjr.%ntation.--

TASK IV will consist of the experimental st.qutence of tests

to evaluate the propulsion, structural, .--, !rudynamic, and

acoustic characteristics of the full scale dem,,onstrator.

IASK V will consist of one-sixth scale nodel tests to

cbtain data that will assist in adapting the Ccanda/RPefraction

concept to installed engine applications in various aircraft,

and to support developmental changes in the full scale test

program.

IASK VI will consist of the docurmentation of the test results

including engineering analyses, design studies, and drawing

pre-darat ion.

FEch task is to be accomplished in ac,ord,3nce with the sc'edule

s1, -n in Figure 1. Details of these tasks are contained in Section 2.0 of

this report.

f
_'/Y--d/'t7 j NO.__D3- 974
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Dt-pi te thle wideC range of vngine pcei fo 11', 1 Ce pjiraIi ci s to be

cons; dc rcd in deCs ignf, trSt. i9 wi 1 h e nru- pl Isho.d with only one engine.

The N.3vy is to pi ovide ei ther a IF -30-P 9 or a J-15 eng(ine (Air Frce 1iu~e1

as im -qjival -nt t._st -()mrce. ret s wiIl Ife (A(.r!jc t,,d in rc(oi (Idic flCC ith

rPpl icablc crigie ncopetaUt ;o m,-nuals and tti-st cell ( ip, bi 1 it ins.

Ts pi ysqi ,r plan is pi -dJ(it(td u nse of the A/1 .22T-2 test

cellI located at [i-cCo;nc 1 Al B, Wichi ta, Vms C(' I u rI" te f rom t he Navy

for use of this facility m~ust be rt-ceivcd Ly rue Pc Hig Co ;pny.

This progr.ami plan is also predii at,-d ,jpon u, (ra t ion of the t (.%t

cce I tnd I ts auxiliary systums and ni,:r,ition of the linst einqjir. by qualified

mi I i tary person nelI. Logistic upport of the A/132T-2 te~t (.ell and lest

(e-jrg e will he the rcsponsibility of the rve,'rr. nt.

Pi'V LIP: Y_ erT 1.0 ]PAGE 16
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2.0 f P1FA PLAN

2.1 Task I

Task I consists of the design of full scale cxper iuuntal

i I r i Tire including supprts-or el llents, (:nclosure structure, test site,

in!.truu,.nt, tion, :Ind tie: p;,. r, t un of a de tailed test plan.

2.1.1 Osiyn Studies

j"Th d-sign studies cunsist of defining a configuration hL,.-ud

on prcvo'us test results. Tie configuration w-hich was defined from RPf,:r, ,-e 1

and Refert:nce 2 r,,idel tests will be further developed by reans of studies

consid ring ,cocmstic and fluid dynanic parameters and efficient use of

,;iufecturing pIc cr%5cs, materials, and other cost influencing items.

2.1.1.1 Confiuration Description

The CcIia/Rfraction Suppressor System suppresses jet engine

:,:h,:'t naise y turning ,nd cooling the airflow and dcoustically treating

the (ncleLure that hrnuses the system. The Ccanda effect is the turning of

a jet str.,n Jue to its adherunce to a curved surface. The system draws in

.ool ing air by a series of ejectors upstream of the Coanda surface that

coots the hot cxhust gases and provides a film of cooling air along the

Coanda surface. The three-sided Coanda turns the flow 900 to the vertical

and draws rmjore cooling air into the open side of the flew path as the flow

trinsitions io the vertical. The Coanda/Refraction Suppressor is

illustr.,ted in Figure 2. The enclosure is approximately 49 feet long,

23 fet Yide ,,nd 4 0 feet high to the top of the stack,and is acoustically

trc.at-d to redjce the noise c-:-ing from the ejector and cooling air flow, and

tie noise of the jet flow along the Coanda. Details of the construction are

contained in Section 2.3.1.1.

" /T/(7/Y/I- i.03-0574
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?.1.1.2 Criter;a

The following ii,ecLh1nical crituria are l ased on previous one-sixth

s a I t, st s. Thc aost ic cr it er ii are pr ojram goa1 s for noi e suppress ion.

I)hanical CI it ria

F vi j uC i.ntalI Cond it ions

The full le d11:ontrator will he di,,d to witIist,-nd

the follov ing cord it ions

a. Wind s-eed of 50 ITPH during testing .rd 120 MPH

for ,tatic (wditions.

b. T ':catui -s the rance b,:tw''en -30°F. and 150 F.

c. Tcn-inchcs of precipitation in the form of rain

or siiow.

C.-.bi i ty:

The IipJ ,)sor d&si n shall be capable of" attaining the

noise goals ,,nd withstanding the ;rass flc:;,'s of any one

of the fa:,iilies of eiies listed in Table 1.

Cool ing:

The design shall utilize only a;,bient air for cooling.

"1"77VVZ NO. D3-9574
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'PIABLE 
I

AIRCRAFT TURBOJET/FAN ENGINES

-NGINE EXHAUST PARAMELERS

ENGINE 
.MILIIARY AFT EBURtIER

MODEL IDLE- 
-

tASS FLOWLOW 
T t  MASS FLOW Tt

LBS/SEC LBS/SEC F  
LBS/SEC _F

j-S2_-P0 8  40 530 143 1400 -

j-51POB 50 460 180 1166 180 3000-3200

J-75-P-1oW 86 430 253 1166 252 3000-3200

43 613 171 1240 178 3260

TF-30-P-408 
69 

232' 259 725

IF-30-P-412A 100 255 242 703 242 3170

iF-41-A-2 
59 450 263 820 -

137?7:-0TZ; NO. 4

V 

_R:

f --. - r, 3 R
_ 
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V

If, ,echanIcal Crit eria - Cont'd.

Con,- ida Surface:

The Conda curved surfoce shall form a logarith:nrc spiral,

R -)xe , vw.here x - 180 inches and where a - 0.20

cxct.pt th.at the -.urf.ace should be rotated such that it does

not dip below the hori/ontal. It is acceptable to sir, ulate

the logirith:;iic spial with two radii (202 inces and 233 i),Jius)

tanent to ',,4ch othfer at thie 4-2 0 position as shown on figure 3.

There will be a 36- nch straight section at the Cc'anda surface

entrance pr,.ccding the start of curvature.

The Coanda surface will be 63 inches wide beto..'cen sid.-e.'alls.

The sidewalIs will produce a channel of apprcxi-ately 32-inches ,(,!p

at the Coinda entrance and approxih--ately 84 incfhes deep at the exit.

The Co,-nda surface will be v de from m. terial that will

withstand r,2peatd ti per ature variat ions frcm -ROOF.

to 10000 F at flow velocities fiom 0 to 2800 feet/sec

and will be sufficicotly supported to withstand vibrations

due to flow buffeting and sonic levels in the 165 dB range.

Surface and structural loads due to pressure differentials are

a maximim of 2 psi with the inside surfaces of the Coanda

channel subjected to the lower pressure.

Transition Section:

The transition e' ,'ticn will consist of a three ejector set that

transitions fr,)m rouid thir?,h c'val to rectangular. The

ejectors are to be positiord :o that the inlet highlight of one

is in the plane of the exit of the preceding ejector and the

exit *of the last ejector is in the plaine of the Coanda surface

entrance.

C-3033 RI
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- (.t nieal Criteria - Cort'd.

The inside dicnsions for the three ejectors are shown on

Figure 4. The Timterial for these ejectors will be capable

of withstanding r'pe-ated turperature rises to 1O000F and

deesign,-d to a riaximum internal pressure re'duction of 4 psi.

The .jf.e tors will have a net force (except for their weight)

in a furv:.,rd direction due to augm,-ntation of approximately

200 pounds per ejector. The inlet flanges on the ejectors

ray extcrd L,,,yond the radius an amount required for

structural or attach purposes.

I-djpter Section:

The a, [pter or "jet catcher" will be an adjustable type such

as an iris, to allow for tailpipe diameters ranging from 19.5 to
42 inches for the engines listed in Table 1. The r,nge of

tailpipe diameters includes the J-52 engine as the

smallest and the I--30-P-412A as the largest.

c,;.ver, the du!:,o -,strator range of adjustment may be

configured to only encc,:-pass the engine intended for the

evaluation tests. The iris adjustments will be accomplished

rechanically prior to each run and are dependent upon the

r,:xirum po..er settings to be tested during the run.

nc losure:

T;e area of the secondary air inlets in the acoustic enclosure

walls will be at least 30 square feet on each side and 14 square

feet at the back (lower edge of stack). Acoustic baffles in

the air inlet will have Ieading and trailing edge fairings and

o-),Ied corners to maintain effective flow areas.

i-/Yf/ |. NO. D3-- " 74
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4.5

1sT EJLC1DR

37,74 '31.3

\524 4 11
2ND EJE-ClOR

3 414K '30.54

3RD I Jt cl OR

INSIDE DIMI-NSIONS

F LANGEh WIDTfHS 10 B3E THAT wI OUIRLD I OR

STRUCTURAL AND/OR AT TACH PUhPW'--, S

Al L DINILNSiONS IN INCHES

( EJiCIOR DETAIl S THREE F JICIOR 1RANSITION
I IGURE 4
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V V°

- ',< h n;CalI Cr itc:r ia:-C( nt'd.

The st,-,k xit ir-a will he at 1-ast 143 -Iire fee.t lnrd will

be as ni r Ow is r, ,. ible for acoust ic purposes (s.mal 1est

duct hi ht pr .f,.r , d) . The dir;,:nsions for inlets and ;,eust ic

bhiffles ore ,st,bli ,,-d Ly the acoustic criteria.

All ,j,.ctors ,nd trsn'sition s.,,tion inlets will be inside the

[ I Su IC

ReI i biI i ty:

The .u[presor syste-- nhaI I he designed for a life cycle of

10 y ,irs.

Ma inta in,:bi I i ty:

The Iupressor shall !)e asily i-,aintained and not reauire

i-jor r,. airs dur ing te 1 ife of the system.

Co; , tib 1 i ty:

The ,roscor syst, n shall he (o:-,pdtible with the ,Navy design

A/F3?J-15 .:,urtahe i:nclosure) test cell. Interface details

will h-e defined by the Navy.

~r,,istic Crtria

The suppressor noise reduction performance will he evaluated

at both the far-field (230 foot radius from the .-igine core)

and ooar--field (20 foot sideline dista-nce from the engine

ctnterl ine)

The far-fiel'd and rniar-field roise coals are the Sound Pressure

Level (SPL) sp.,.tra givun in Thble 2, w'hich are the sa:2e as

the Grcode II criteria give-n in USAF Specification SIL-N-- 3l -3B.

I.N"D3-9574
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ApI. E 2

NO ISE CrtlJU RIA

MIL 'PI-C Nl 83155B

G P,,Ab II (USAF)

I l QUt CY Hz FAR VI FID NIAR Y I IFD

63 34 114

125 91 114

250 88 114

500 84 14

l10 83 117

?Co0 83 117

1o00 /9 117

F 000 )3 20

dEA 90 125

FYVL~f~:I- 2.c ?0 LAE 26]FV II R:
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7.1.2 lust Site

letest site will iJ)(:ltJic Pn iai Irvlces fur i *t u a

tur laojut cng ire with af trbui icer thrus't up to 214 (;0 p"I-'s . Tie 14. t .,I Oa

te ra in 0i(au 1d be re I,,t iv elIy fIa t w it h to ,o r e t n (1, ar,c Crl of r

f i om t Iie c n I ne c,-n t er t o t he 'cui t ii c''i iir ii it I i1liS1

Tie ,e0 1 VC tI ite iC 111 013t. Of ' -rIVirC "'T( t Cell1 t ie

Iy ti'', I ' -,cI A/F 321-2 Ta ad it I~Cne Air Fure P. .~ h l

iI -, s t t,~ C r)trar- itot's fc ilI i ty .nid .ij it to an i.n .-or()f tf;,t is

usIit defor 1r i '.uelve!l m~.r~et.The A/F 32f-2 will be

if' >1ilI to -' aetesting of the Coonda/Ref raction N~oise %uppt c, or .

.1 3 7-t 1 ft it 11Un RI 't i i c t S

Tic jii.e ii -tit ion r.-ruii- unts S re liste-d in Ta ble 3.

2. 1.3.2 C( f:i .(- y:,I: -, C 1 ,r,--etcrs

The C( tila ,-urf,,ce and ejector instia nt o reh-;. on

V-1-are 5.T~e instru;.nt~ttion include-s 10 statirc prt-.urue pict, Lps -,nd

10 su aeI>i 0 uethcrvinccup! es -it 100 'angle ifcrt --ni onjf the

Cn-aritla dentc:rflne, 12 ,tati-, pro' sure pickups and 12 surf.-cetcrciope

on the ejciors, four eaoch staitic pressures and teis:pcratures on the Ccranda
side --el nd an exit total presscure ralje.

Taible 14 tahulates the reqi sd instvu, tntat ion rtrne anid

csccur, Cy for tiese Ta;-: ters.

FKVLP FLT ?.Q IP0 27



, ,E 3

I Nr4 I NE I I R 11', I AT ION

.Itm Un i ts Io. R.cy

N1  RPM 1 1000 - /000 40.5% *

N RPM I $000 -10,000 40.5% *

PT psia 1 atin - 27 4O.5% *

T 0 F. 1 inb - 1050 30 F.*T 7

Wf I/1ibin 1 0 - 100O *I.0% :

F lb. 0 - 25,'00 0.% 5
9 g0

T F. 1 0 - 100 +2FF.Tfuel lO I O ° . -

P psia 1 13 - 15 0.01 inch w,)ter
2

P4dnb in. Hg. 1 28 - 29 . 02 In.Hg.

Tb F. 1 0 -11O 0 F.

POil p5ig 1 0 - 60 3% *

Toi l  OF. I ;,:b - 300 +5 °  F.*

(P t-P 1 Belli,cuth in. H20 1 0 - 70 0.5%tS

Wind Velocity MPH 0 - 20 fl MPH

Wind Dir.,ct ion ,jrccs 1 0 - 360 4-O O

(0 ref.to true North)

R ,o'1tive Hw::lidity % 0 - 1O0 t5%

Engine Vibration Mils 4 Q - I1 1% *

" Depends on Control C;b Instru .:,dA- tation

/~/j/Z~7f{ j \O.D3-9574
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IV

IV

IA E 4

(C' , DA f i tC IOR INS I Ut1NIA I ION

I ..... t , , u nun ts o., Accutr .cy

,ile ,_.xit static pri,'sure psia 4 Arnb. +  0.5 -

I j,- tor ,Ittc psmS pi a 12 10. 0 - Mb. 1%

0 +
[j,-r .tal <urftce twvtrature R 12 Anb. 1500t 2%

Conla <urfae static prbsures psia 14 10.0 - /.b. -

C.-da ,tal , f,e t,;' icrature R 14 A'ab. - 15OO0 -2%

rxit r,ke total pM(ssures ps ia 14 Arb. - 17.0 1/2%

zLD7I/-ti'/ j N O. D3-9574 .
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2.1 .3.3 Cm.,nda [neclesure I i)mt rfii tat ion

Thle en1C csure for thfe Cinlwa wi 1I I e i fst rurwnted to determi ne

the Vii01nt of -,tconda ry cool iiig a ir flow cittr i n the Cra uda and ejectors.

figure 6 dep icts the st at ic pressure inst ruri(:nta t ion cquallIy spTaced approx i'a t ci y

four feet a part inside the secon-)tdary air cf airinc 1 ntt rice on r,jch side of the

enclosure and aft air inlet. 'The average static pressure mneasured within the

enitrance will be co-xJind with :;iibit.nt pre,,cure and sonayair enitranice

area to calculaite secondary air mass flow. In dddi tion, two stat ic pressure

Pic kips w il he l4)( teud ins ide the enclo Isure.

'Jibrat ion ti a-nsdneers will be instal led on each side of one

sidewallI of the enclosure to monitor typical side%'.'all vibrations.

2.1.3.4 Acoustic Para:rieters

Thie Coanda enclosure acoustic instrum-.entation is illustrated on

Figure. It includes 10 microphones paired on the sides of the enclosure %..all

.-nd roof (onle on the iniside arnd one on the outside) approximately as sho,.wn.

Fdii-field iirsrreet icrophone locitions shall be as show)..n on Figure S. The

-ir ~hjre5will he i:ounted on two po,.wered carts that traverse 90 dug re(.s of

the ei -c ir cle . F.-ch m icrophone w ill i ncor pora te a w ind sc reCen and will be

.:nte-d such that thte face will be apprcxir-mate~y 1/2-inch above the gro-und

1.vel . Nt:-ir-f ield atr ust ic inaure-:rent s will be made on a 20 foot rec-,a,-ular

pt t (rfn as illustrated in Figure 9. The microphones will have a typical -,p cing

of 20 feet from the e-ngine centerline atid between adjacent mikes. They will

be r-juntted approximately 5-1/2 fe-et Aboive engine ground level.

2.1 .3.5 Structural Instrurv., ntat ion

Instrtju~cntat ion wil Le! installed on the Ccrincla to support a

brief structural analysis. fnstfrjlito locations are show,,n on Figure 10.

Table 5 lists the instru:5unts, ini trUment loca-tion, and an estimate of the test

cnvirofir--(-nt cte. Pic-ure ind tei~peratule da ta recuireiiments for the

Coa-nda sraeare as defined in (ction 2.1.1.2.

( FFVIR; -NO. D3-9574
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STRUCTURAL I N~sI RUmi N-1AT ION

sTPJ.I?4 GAGE IVAX INUM

NO. LOCAT ION I f-LR A[ UR E

T p Ced I I:m (Top Surface) 200 0 F

2 TOP Cm~ Atop Fr i; Surface 200 0F

3 U I, r Po 11W P T n 250'F

14 S~~rt Fi (-Lg 2000O

5 mi d -CC;Ild3 I -Cteaml (Top %riface) 300'F

6 Mid-Comilda Atop Frame Surface 300'F

7 Lcv,.r Pin 3000 F

V I AT 10, DIRECTION MAImu

tcIPsLOCATION (PEF.FIG. 10) T0[1PLE.ATURE

1&2 Top F 1 eof Cc-,(da X 500'F

3 Tc-p C, tcr Sid'e Pan,,el of Co-,-nda Y 700 F

14 To.p C~ntter Stir fa-ce of Cranda x 700 0 F

5 rid-, ntcr Si(! P.12 of Cc -.nda X10
0

6 Mi-iner Side Fr, ,2 of C(-;na x 700'F
0

7Mid-Cfenter Atop Fr -jne X 1200 F

8 Inl et Centerl ino on Co muda Suf f-,ce y 100 O0 F

9 I nlet Cer-nterl li ie on Cc-mia Sui faice X 1 0000 F

L~'/7/W/-~flO~D3-9574
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2.2 -1AS K I I

T-!s k I I consists of tic fjbricat ion of the full scale noise

)[Ilsti~itor 'and all c-u p:-n nicese ary fo tile ' te tst ad fs

51tip.

2.2.1 Noisc F£uj'pjssor Fabrication

fhe Ceandl~a je't deflector system, icou St ic crnclosure and support

structlive will le fr ic'Ited at 130cng-Wichita in cui;cewit h the de-sigjn

(LLvc ?r'ed (-rid rev!.;.cd Ly the Navy) in Task 1. The sioi se -'u_:Prcessor wil Ih !e

fahbr i cot d LI ' Sil t0.0a~ t .chn i ques, %.itFever possible, as for a pro-ducj(t ion

u n it. TIe -it aid.r wil Ie fUricotA~ to enidure a life cycle that incliudes t he

pl1-a ned t --s t i ng of th is wn;it at t-d e f fot tand sLu bseque(n t duvel (p ,n t pl-.

V, i tcr ialI s and I- :nu Fc tuLi ry n ig 1 1()_ -e s wi I I Ge selIec ted vw ith f ut ure I-a r c,_are low

pi ciduc t ion cost a s a pr i r3ry _ on Si Jura t ion. The hard,eare will have the

cp,,bil ity of hecing dis,,-ntled into setosfor shipping.

?.?.2 Test Equip ;-,_nt Fabrication or Purchase

Somi:e test equip:,ent and/or instruicuntation will be purchased to

perfuir the, tests outlined in the following sections. Typical equip--cnt, include (s

calditional micruphones, pream-,plifiers, pvtentiom,-etei-s, transducers, etc. AllI

,dcceuntahMe r r,ty (ess expendrabl e mater ial , equ ipment and suppl ies) will be

dolIivered wi th t he ,uPpressor at the contract conclIus ion . Certain specialized,

rnot c.. -rc ia 17y avilae, :qu lp. ert and inst rum:entat ion will be fambr icated by

Fc~f i rig

____ NO. D3-9574

PT VII 1R:IT203

f- '13 R I



2.3 Ts i

Tas Il wIl c onsi st of asse-_mbl rug and sett inrg uip the f ullI

"CA~l d nstrator ground noie 5c upprcssor ; and the i nstallIat ion, cal1i brat ion

anId c ht -Jutt of t !c inst rueru!t at ion req-(u ired to coniduct the test program

dfefined in Scct ion 2.4

2.3. 1 0 nt.trTcst Cell I et-Up

The d,' Dnsti aior test wil I be Aodce at VirConrel I AFB using

an exist ing Tcst Cel I Noi se ! i;}pp ebo r, MdlA/F32T-2, modifiled to include

the Coa,-nd3/Rcf ract ion Suppi essor syste-m. The t~dlA/F32T-2 Suppressor is

illu',trAed in Figure I1I. The augi) :ntor, its enclosure, and the exha-ust

.:ru ,d S iecrwi 1 l be ieplaced with the Coa)nda/Ref ract ion Suppress'or

iI lus tn,tecd in Filynre 2. The evaluation ttests will be run using the GFP

ur!lojt 3ft,,r!-kun ninq g iine tF-30-P-9 or JJ5-P-l W) mounted inside the Itest

Iel ~.I th -,nd v.i thiut thfe '-upreeor stem i nstal lIed . A lescr ipt icn of the

' e 1 A/1 .2T-2 ts -t I I, iid 'instru-ct ions for it s operat ion --nd ra inrilrance

or ntfwd i n PFef r -1ce 3.- I t sh!oul d be noted that the A/f 32 F-2 test cellI

i s d, s y.d t o a, ot e e.i ther of these two engines.

2.3. 1.1 Cf-andva Test CellI Ass e-bly and Installation

The Cc)a7nda Test Cell As.bl onsists of three major

subassenmbl ies:

(1I) Cca nda .nd -supports,

(2) [jectors a nd suq~pur ts, nd

(3) The # iclos)ure.

Nie- C(,.a[,da and Iu;it re (i~.n n Yiguve 12. The unit is r(

of welded steel cons1truct ion and drsobles into three sections for trans-

portat ion anid rasbl.A Lr( bkr~ y aprxresize and ,cight is 0,i,,n

in Table 6. The inlet .ec t ion is ,vipurted at the forwar-d e-nd by ;,ns of

the ejector as' c-bly aft support5.

7_ /A NO0. D 3-74
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I A!ft E 6

A, , D _.UJ "'A . ' Y ... .. i r

Sj' t ion I (.fKjth h, i ( h i h t-Lbs

Inlet 220 ]0 80 51400

P idd 1e 130 93 6O 5000

er 135 100 80 5000

Supoports (. ,ch) 190 24 66 1 00

/..,.IP:F. , NO.- D2.0 1 PAGE _
I ' T . PAGE 41I
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0 2.3.1 .1 C t 'd.

The ettor -.rid ,upports are cons tructed of welde'd st, ei (higJure 13) anrd

diin~sbi e intO o fiVe sUhs,-t ionS; forwi,,rd, ct--er, anid aft (-j-I-tors, -ai right

and 1left f ind ir . Pach ejector weighs aipproxiirIately 1000 1 hs. aind ci,,ch

5I9'por t ap r; tely 11500 I bs. Tbi! a5e8bi j'iitcrs an3rd , (jorts eur

-;i Pliri-itely 1148 '' l1g x iPS'' wide x 8i'' high.

T !e Nbea1,-d ( Itcl()' lii c is :de of ourg-foul th inch thick st,,el plate of

kwe( lt-J conttrrc tion. Pxtei nal dii jins of the a(b-d riclo-oure are

oeFrox i; te-y Ii3 I~wg x 23' wide x "0' high as shown in Figure 2.

Di -s bly, tricotat iDfl and reass:Th,)ly of the enclosure is ride pralcti-

a"ble b)y inrg th'e en-closaire to brcak down into 58 pa-nels in sizes from

4' x 8' to 8' x 16'. The pianels are bolte.d togethur on .,fbly using rul ',e-r

'.31s -tw :nr.ner pa-nelS anJ sealer between outside pa-nels. The inside wall

is des igred to ''float'' by rme-ans of rubber support pads ;And by Cushioned

'-Mi I rs It t,. n Tie~cr arld Outer %-.31 is. The cei I ing joint incur porates a

ont int--is rt.,t!,r strip I~nd hulL-type iTolaitors.

The for-.-.vrd i;a) )1 of the c ltre '--p,ts to ' he A/f32T-2 test cell at the

engine exit pine. The %wallI will b)e atItached to the test -ellI to serve as an

ac-sially trecated 1-irtit ion for E-ine tests. Three heasic conf igurations

will be tes ted assu3 ri5 in Ta7ble 7.

2.3.1 .2 Engine and Test System

The Navy has indicated that a Pt-VA Model J75--P-IOJW should be

as-~das the test engine. The tests will be conducted with a calibrated

!,cI1; lvtjth. A ('eser ipt ion of the engine and its operation is containt-d in

F-fer nce 4. The r foir ,rce rat ings of the enigine are show-n in Table 8.

The test systemn, previously shown on figure 11, includes all systems

n-c essary for ,afe -rid eff~icit enrgine cpcrat irn as descr ibed in Reference 3.

ST 2.0 JVli42
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TAWB E

1 ist r ctl Icci Ots

C.nI f it ion fl-scr ipt ion

J/5 ngine, A/F 32T-2 Test Cell

(P, w, ine) No supprebsor, 6 nd with the f runt

.,all of noise supie,,or at cngine

exit plane

II S,:h.e as Configuration I plus

Cc< ,a only

III Saine as Configuration II plus

Noise Suppressor Enclo-ure

Instal lation

P V LI_ : .
2 -4
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IAdIE 8

J]5 P- IW II kOF JANC[ RA I I 11(',S

Rid ItGS AT SIAtWARD S[A I.VFL STA IC tOAD I TI ONlS

Jet Spvc if ic Rat ed
r r- lst rhrust M. x ii axm ?Thx hnum Fuel M( a sured

in NI  12 Consumption Gas T-mp
Pounds ipm rpm Ib/hr/lb thrust (Max.)
(Mi.) OF

'My;tm (1) 2'4500 61400 2, q9 0 2.15 1175
Military (2) 16100 64140 5000 .82 1166

a , 14300 6,0 80 8/, o .3

.0% NoI;al 12900 5S30 8575 .77

J5% h'ormal 10j00 5470 8300 .76

Idle 1150 (max) 2750(nin) 5950 (min) 1/10 lb/hr max
(Nozzle Open)

r1,ES: , - Sipeed of low pressure co~prcssor-turbine unit.

1'2  - Spc<ed of high pru,<>,ure (o2pressur-turbine unit.

(1) This rating is obtained with afterburning and is limited to
five minutes.

(2) Operation at this power is limited to 30 minutes.

NO. D3-9574
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2.. N a Arqu is it ion Sys temr

The test instrui-cutat ioin will be desiqnted and installed to

piovide sp-cific clta pertaining to engine operating par ;etu-rs, suppressor

~ t s icpur orian ,criir umi-n t a 1 .a eiu co'nditions , Coanda #:nco cre

vi tTt' 1eve, , 'ipresorpres sorevs, teMpera t u rs, st ress and vibhratiTon

The bl'c(k diyrfn of Figure 14 dcpic ts the ,asc oprtTnlfunctrons of

the l t dtoest dota yte.P-ita signal,3s will be ra--pidly rerrdand

pr~esedthitregh a real tTie ,nay a rini-co , Puter, digital tape

rucr~or, an-id c- Cprinter for i ece nd n~ a ~ddata prirtoults.

j Psw ri~tar.-~'i (-)I~ d igi tal in t itpe will be retainr~d for udditiTorial

'N-!IY'' s i f I 'Ji Jf2d . ',(()LustiC arid viLrajion data s g a will be
Si i t~i~l eor ~don the 17H -,analog an t tpe system for Sn ;y, nt

2.-.1 FnugIne Purir iC ta tAcquisition

FP.sic engqine Pterfor; :-nt:e d.,ta parace,,ters listed in Table 3 ,.ill
b e v,-ur d Iurlrgq all tosting ut, ITi 'Tng .xisting test cellI irnstruc-nta-t ion

w!ere pt Lt ic a 1. I'ddi tional dat-. pr.:cters wilIl be instrurented with

indjustry stand~ard data secnso,.s. Engioe perforvmance ddta will be recorded

for cach steady state cond it ion in conjunction wi th the test Spec iioen data

Ou tput signals of s elected transducers will be scaled in engineering units

for onr-line ir:9nitoring during test condition setup.

FEV1R JSFCT 2.0 PAGE hi6
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* 2.3.2.2 rT trs t urce rid Fr c,, ',ucr -i t a f-t j_ qiis it i (n

S t at ic pie ~re ple p i cs'u i e rk and su t f,,c c tpr a t u re

t he r .-,LnuplIe ist r i:; cnta t i on w il he insta I led as out I me(d in Pairoyraph 2. .3.2.

P r c,,su re and t cipe-ra t uri e t r ansd(uc Qr % gIna1 s w i I ) be 5sa;'pl ed rap IdlI y by da ta

sy st c~m scanimer s irt u r fac ed to thfe co:i t cr t hrougjh a mu 1 t i p I cxc! r drild aria I lg/d 1i ta3I

GrIV vr. During co-t up aind it ecording of aci(h test ci(-ridtion, individual

pressureS and tt:"i-f-r. t ures will be dJi p I .yeii on a cat lode ray tube (CRT) ro ,nitor

wich c_,n t erdily update bjy opera-torr:;nd

2.3.2.3 Vifhritiun :)d Stra3in Data Acisition
The Cufda will Ito i fst rui-,inted with high temperature vibration

locjitions will he adju ,t#cd to he conp-,-atibe with the test configuration. S %:n

strain gags il I he instal led to pi ovidle ranstrain da',a at the loc-at ions

sho) wn i n f i gu re 10 . The strain 5,ge signal conditioning output signals will he

iner cd to t2 opue hojha ulpc-xrand analog! igtal convrter.

terrespuctive signal conditioning syt2-sadthe dyno;,iic respo- nsedaawl

Far field acoustic array [F.asurc;ents will be sensed at 13 Points

on a 250 foot polar array by two traversing, wind screened rnicropll nes,

pcsitiuonetd with their ,cnsing ele:-ecnts 1/2 inch above the ground plane. 1Near

field *"-oustic :>.sr~nswill he sefrsod at five locations on a rectangular

Y, raLy fixd wind ,ci e, ncd micro(_phoncs with their sensing elt_.c nts 5.5 feet

__ ve and parallel to the ground plane. Fixed microphones will also be located

,,t ten locations, paired inside and outside the suppressor enclosure %,i'ls,

for wall transrnicsion loss studies. Microphone signals will be channeled

thrcough signal conditioning rnodulcs, a (nalRadio 1521 Real Ti;-e1 Analyzer,

a Varian YMini-corcputer, digital tape r#ecordier and on-line Printer. The data will

also be recorded on a FM magnetic ta3pe systum for subsequent additional analysis.

~Jci~AA~NO. D3-9574
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2.3.2.4e Cont'd.

tfluiophcne posit lions ,lid the 13-Sic oti d- irta ,yst.rs are iincluded in the

block diagjr.ifn of Fi' :re 1~4. All -(untic d'0a will be ori dduring

.cqiisit iofl to * .'15;,t ic (,t ri y xaltis with ri.".p'-ct to It yrpertulre .,nd

reT ~it ivebudity

Crjta will bc i.rily~cd on-l ine using the real tim.e analysis syst(2r set for in

8-'e( orrd injtegra ;t il truITe. C(-oI-U~uled jlld t,0bul~jttd data listings will cecrst

of 1/3 octa-ve ba nd, octave bi-nd, ove-rall, ,lid dBA levels at the resP'-tive

[sue~ntlrcat ion. The print out will he a.vailable fol lo,,,inq (c ip4lctirfl of

f"Ich tost sf-quenee.

2.3.2.5 Fniv i i(n nt .31 P-0 a A( au is it ion

W,,ind velocity aid di i t-ttion, L~uercpressure, arbient air

4cr tir _.ld relTative 1u't ii ity will 1_ e lf- rded an(- tlo.3t icallIy or unanual11y

for 1ffi lt L ( [dit ion. W;1nd dir nI t i)n .- nd velocity will be referenced to

th rr Ien ir ine 'ad Ali totf-d ( ont i nnt.-sly during a( ou,,t ic data

y S it io n [(r, I 'd

2.3.2?.6 Ca 1 i !,rat I un s

All insrucndtcfeU*Ip;,ent will be calibrated in accordance

with stndard lortry pr oe'urc-s a irta in! ng t raceabil1i ty to the Nat ional

Bure-au of Stineards. System calibiration will he performed before and after

ca ch test period to inunre diita rel i.abi iity.

FV R: F 1-TT 2. - A~
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2.4. Trsk IV - Full S cale Dori,,trjtor TstsI

Ta-sk IV will conrsist of .ve.p i~gthe test progrm to

evaluate the full scale dumrstr ator urjifi Tjtrat Ton with rep'tto propulsion,

acolustic, aerodynamic and structural (o~isei('t ions.

2.14.1 Full Scaile Hl.it!i.re Test Pm(-i~im

rile full scale h~l~etest pio~rum is to be pei foified in

c o-P]I iarice with P2feure1n1c e (5). - he iigino, jet tiryiire tes"t cell and ad,.pter

k it s are to Le fui nishud by the rile:rt*Te CEwilda/Pef ract Ton

Suppres,,or urd enclosure are to be des ignied --nd f,briTeated by The Roeig

Co-iiiy-Wichita Division. The crew for operating and mraintaining the engine

and GEE test cell odlA/F 32T-2, as well as ,Pare parts, will be furnished

by the Cuvlrir vnt.

The obje-ctive of the tust is to prove the C,n(nda/Pefract ion

noki-e '2pt(-n ncecpt by full ,cale deiionst rat ion tests ajnd _-xperirrntaI

invest icat inns u sirng a je-t enrgine with afterburnier. The test is interi, ld to:

1) <we Hie ,(Drmnd prt-esure levels in rear- nrd f.,r--field

for all frerr!iricy han-[ds.

(2) Determine the cyiahilIity to oedujct re-quired co(-ol ing air

(3) Evaluate the Ccoanda surface film cooling

(14) Meacure the deflection surface operating tte'PeratureS.

(5) Provide experiroiental data to substantiate tire structural

da Iy ss.

Pie] iiry engine runs will he i i,'( at the hrginniryq of ti sts of ..- ch irifi-Ju-

rat ion to ch--ck out the lii d.,are --,idsytrs

The acoustic tests are the primie objective of the test program

.,rd are intenrded to mea sure soutrid pr (-s srre levels .rid h~ r rl-iie dynarin ic i e ,Por se

to the sound pm c sure environ;,iont. P et a1 s of the acou_)stic e"Va] at ions are

contained in Section 2.14.2.

~~O ' /% L D3-01574
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PPision test s will Ihe per fCoiri to assure that the enfgine

, -el d oil -)""Ay' [iwch-ifical , pi UJdt iC ind instruirert~t' ion syst :.sar

fn~tichi p':rly. CheckAs will b~e ri:-de to ausure tha)t the erigie res.ponds

p7 1",i1>' to, ILifi ()litrol s a-,nd t li-t. the powe.r sett ings fallI wi thin presc:r il-d

I eitS. : t' r1Y Iiiili tr icnigi ()putat ions should be pcrifori-ed during

1)14li~j '~i tnS

A.. ii c tn-t iiog i ofm- i-d to herein general ly Y efers to the

flIo.. of tie jet I ust t loujh the C,nda, the ejector cool ;ng air f low

LV,31.. t ion, the ai i f lowe "inrjJ( Ad by the Ct-andiia and tie rcsul t ing forces on the

C(, jiia -,rd i ts enclcisure~.

Sitii iii ril te-st ing refers to the recording of strain qgc -nd

.-, ~ r (' ta [,id relIat ed pre',sures and te,,npei atires thut j.re su)pcor t ive

to t ie br itf stuItturIl 31anialysi s of the Coarida structure. Structural test

1i e -. o( r~ed dir iig the acoustic test ing.

Flir, - !as ic ( onf igul ation[s a re to be tested as dvf ined in Table7.

F.t h ,:f m t ,t'on wil b e testeI(d at thr ee pow.er sett ings; idle, mili 1tary, and

x.*i ft arning (%-.it hi it rter inject ion).

wn est ii iat e oftt h e plIan, d t e st ce-q u (.n ce i s s u m .a r i zed

in Ta-.ble 9.

It should be noted that the Configuration I testing will he

1pcrfori.d wit!,out the use of jet exhaust deflectors or sound suppres'ors.

Tie jet i-ake tto:>ervature and velocity diagram for the test power Settings

'11 '11--,an on Yicure 15. 'Special precautions will be tak-en because of the

none i .nd t- x1 t blast haid to personnel, equipment and patenitial fire

of v-:e-ta-tion in the jet w..ae area.

PIN R: S iCT 2.0 -5AG Si
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2.4.2 7,F 1 * ~n

rfV t 1 1 it, of the no i ,e u; pr ' rjr iy ofiff

o Ic 1 .. 1Jd L y '-ri tI C-d P i r e I vcel (jIPI) .it the

1, it i-is ' t he ( [ dit ions ' rit-d i'clrw.

2.14. 2.1 P1Ilgt 1  wd F x 1 1 jS0 Ili e loit S

ii titst: fI

(I f~ wic wi d 5 i wt 1 -nf

(2) ,~-i it tv T lP 1-1ure 3O0to 350F

(3) clot ive hj;-ity 25 to -0

(I) S l -ro~Yi' i,-t io 10 IB At 10 ft. iIdius.

7.2.22 IF.ir I 11,Ur:~i - ' n rts

P. f ?3tIc (-Iit s Will Le;C d on a 2 O f

r- lu iz1'Io it 15 0 t)( F it Os .I .,,n on Fljure 8. Thits'~

-i 11 1'e I .t gr ,JAd l'Vel 0(1 a hin d sUjf,-(e (ei thlr I OUL-te or i[' Alt).

Tie ('t,-3 wi IIl c- te U r -( ed for Al < h ric -!i u 1 r t I cn . "', '- .r -.--ms wil11l "e

::',Ide for ini I ylr rtd thru t i ,d 3 ft er 5i ni 1119 p r ,,ot t ns .

2.4,2.3 ,r Y i1ld f,,r> t i C. '- S

t i~l i c I -u I r %q1 wil he 1 -Ad 1 c~rxiv3 te Iy

2 0 '1 .t fr t.. IA , iie or 10 fe-et from1 the sj~ppressor wal Is

it.3 , i-t o f s~ ,h -i).tm I i S lmn in F iqu re 9. ". i , -jI l. ~nS
,n. ci, '- f 1i -,1~ -:1d it tie inlet -,nd txit of the air d!ucts

wil hrd ,t the( I(- )t i(ns '--.,n i n figure 7. V, -iurc:meons will be

ieI for idile, ni Ii tiiy r .',,d 'ftrust mrd of ti i~ hnigy piner sttings.

( /I/7I~7C/~j hO.D3 -q574
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2.14 .7.4 puc,sor A, 'ln-t ic iXvi f~ir n.Ic(e

I *tle p~c Ivn I ,,k of t Ii ,e p1 f 4 -.o r s y stin wif i ) e

i d Ly I ;.ing~ t Iic 2SO font fdl-f icl and 20 fNut na-f ield

.'.u. rts to tho v~hws I !,tcd in T.Lle 2 of ~,cion 2.1 . 1.?.

?2 i t i jit t i on

A (i i t it iin nid fi eqenurcy rejponse of I he ,fit i re

sr. nt ny" , m, inirid i ng Mnc iioe wil I h[e utird to ( r r't thle

d Kt. tie r .- ge of frqr.:y t .i ,pnse of thfe ny stIon WIll he

4-f5 to 11,300 Hz arid tihe ro'iVpnne stated within -t 2dB. An assic

.1 iir~dor will be run-d for a systum cal ibrat ion fromn the rnicrcrphire to

ii~'.Tic ,r-nd prt_-surc level CdB Re .002 DYf:/CM 2 ) pr(edured

Ly tM Lahr A or will bie kn""\n witahi n t JAS 3. the e ~cu pp re or

I i o i . s iil 11 al of -. t-surirgq IJ0 KB iiid the

>,11 our ,i's .hle of iv ia ur i ig 11.0 (18.

2 .1.2.6 ;tr-tF,*2 e Test

The A/Y32T-2 test cell IlocA at MCCOrnellC AFB Will be

use-d to s nu e,ss the inlet and engine ca3se iradiate-d noice. The 'Lest cell

yllmst pi i nd s ii ricer section will he removed and the front din-ble

val 1 of the Cnd3 mnclosure will he infstallvd to prevut noise radiat ion

fro:,- the iojcric-r of the cell. Noise ri:as!utc:-,tnts will he rade in the

ri-f !,-Id ,A fai -'Ji eld for thi s (oMtigwiat ion at engi ne porwcr Sett irgs

,f :.J I i t-iry :A fu 11 if tcrlhur rer trn-&cr ~.e et t iigs arid wil )'I-erve as

thu jot , krst poi ne bosel ine. The Cnan-la surface K el I Me will he

Pta ~dby addi ng the Ccoarda ,u r faice a-nd r -peat I fig the r s-u i k:-tant s anrd

,.fr'-t tir,25s tned in the Je t Fxi aust Nuic Panrjel inci tes t .

1< V i 4- Y l20 1 755
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2.t.-2. 7 VU I I 1 I ,it.,r C tI T- It CI II C'tn ?*t

1'Y ."iiq the 'i easu t ic 4,:v:To'-aie to thfe C-!ila sl le cuiif igur -t ;t,n sihd

in Pu ,Jj ih 2.h 2 . .1 ill*,d [)y I *;I t ing tie i-,u il id p,,t mo oi gs

a',.- in tIe I en' 1 n t-'t Mc Ie n l t 'I1j I-i ! a 1ts 1i l hI I o , . -.re(-d to t I e

c r ir i o)f P.) ~I 1' .1 .I. 1.2, to 1~at !e t a;l,,t1ru-l r t . T

2.4.2.8 P it . , !ill t ionl

Th1,-jIjti ons of thfe i ui dod &t a3 Will I,(- p r int -d f rmt hie C -l1 ne

da iint ; (n 'yt um. I,-n t if it ion i if urt i oi(n Iijc h a s i un Tiumher, io,,zlIe

-, ur e 1 3t I-o,I ih u, t i s Iti pi I ur e, cuiifiuioiDn , datLe , r, -, rolcialI

ifur:, it ionl, ind rI( a, ui ed a nd i, 1 da 'tel rfcr -r ice i .ul it s wi I11 be pi c'Vidi-d

11jI ia r to 0LI .t r)oI-nL' )t Ud o n (,!ur e 16.

A run log %,.ill ',e i:3-intaiirod 111c Ijd in g jny i n 'O r it io()n t Iinit ri i (ht

e pc r t i rcn t to t 1, t i 11t r.ut S. AllI adjust'c nts arid ch,-ncs to the It ;u i i:nt

Ad i o '.t rijj1rt , t an)r %wi 1 1 heC r-oded

A''-t iC P r t a3

Ac - ist ic dt a wil1l,- ('I- he o tind f i tn the inicronaruoe arrays

p rcvio)u sIy (I esc r i hed u s i vg t he C t!rit-ia I Pd io I (12l1 rcalI t i ine I aye r , mgne ti c

tape record!er, riicptrnd rnot.This provid~es for printing nut

,clected acoustic data on-line. Vorover, urest da ta will he recorded on digital

-ir, t ic ta-pe erid ,rnzn.y/ed later. This is done to spced up da ta acquisition.

Th e Far-fi;eld mirk -swil h e t; vursed on a 250 foot radius with data

-irid it 15 ('- grcC init-rval s. FC.'h pusitin for the far-f ield and the

n-f io-l d risi' r- vJ I I I e- i ',nt if i'(,d on the da ta l ist ing for posi t ive

i,- iif ra it '.n uf ',ost E'-t a.

S u'' re live 1 (SPL) wil h -e tabulat ed for both one-third

arid full ii( t ive La-nd f t i ic i (-s f i ,T 0 to 10,000 Rz . Ovcral I ,nund pressure

lv fl (O~PiP.) and ''A'' %-,,- 3 gt fd ((!FA) ?,-urt vuts will be ( (y'V~utud arid t abLulat ed

for ea3ch mici optione locat ion for ( ach tefst oind it ion. Pl ot s will be pr ov ided of

t he fu I scagle one-thi rd c-c tave SPL s iilar to that shmwn i n F igure 17.

/A~;' ~V/jJ O. D3 -91
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2.4.2.8 Ac !jt ic Nat a -Coit 'd

a - .- ry plo(t s of 0.!kSPL and dJEA for thfe for - i el d mic e rphar)e (I evel ye r csos

n-ilci ephune yle will also be provided.

Pi,~.r and Ti-:pcrat ur e Survey at a:

All .t,-tiTc pre-sure pickuips o~nd iretal tfoinpcr~ ure c ocile

will 1he ijivn Tidnt ifi(_at on coding dond the data r~oi dtd in tuarfoirm for

"c h tcst 1, t n

Mhe 'Individual profPes (,n' the tra vursiny total pressure and

iota) t,:e 'tirec rAcss will be ici--rt ified and the data re-corded on digital

-<ynelc t -e ad 1listed in tabhular form. These data will be used in a

p t t.;cutr prograim to (iipute the total rass flow at the exit of the transition

ec tiTon d.id the (x it of the Coanda ,urface.

S,,rain (Thyc r;a-ta:

Ti~e st rain j ~ge dat a wil 1b e presecnti-d as tnvan streses for

-ch of the tes,.t runs and st rain C,,(-e 1 ocat Tons.

Vibration Envir(r.m::nt:

The vibration data will he presented in displacu,:mnt versus

frcquiicy plots from 10 to 1000 Hz.

Pho 'IogrFa Phs:

P ho tog r ap hs will be ta ken of a)ll hardware and 1 nst rumetntat ion.
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T'k V 0 i1 'ith Ie P,(; 1 fL FIt s

T'k V I; I co ' i t Of (- -it -sca e _,il tit s wi th the
or-ixhsl elhrr to obtain data that will -j,,ist i 1~pii i

C~n~./Kr ctoncocetpt to in-3 ii r.-ift ippliicat ions, ,rid to .upport

i d ( I r,,j (s i n th lullf 3 -s i/C ,)ce1 test progr am.

.51CieSixth S( Ale Mo-del Te st Projr am

Tlio objttive of the .jeSit cale tint pvcbjrdrfl is to

--I1 fuln in P1tcI i: 'i r, oy ir.sijt ions in[to .*tiny the Cur-Ifa'/Refract ion 1 '1 1j t

nosen~p.so o tto coie-o-ife, rudrun-up <p1 irius

Thi s involve-s al lo.. 7Tce for i ot iun of the a i rcraft (engjine t a i Ifi :_)( -',r infg

ration, tpaicn to twi n eng ine a ircr af t (-,uch as F-4 ,rd 1--114) -Ind

siic , xtiIpoliation Of CUI ci.it suppressors to acco..olad~te ti-:nulr ,jrfjs

sivlc i igthe scle ,nqi nc a)irf low. range of 4~70 to 600 Lbs./S-c . The

cur I utt iufi"Jrit ion is de(s igneid to ha ndle airif lcws to 300 1 bs./Ei-'c in

ful I aIe. An ,tit ire of ther10 of inve- t iSat inrg thire i rc ls Ly ., a 1e

'C1 I i, t iry s5 i ven 1 el-ow. The te st ing will be acop ished in the

f ,-~ ti II a I sti C Ar ra, Fcci 1 i t y. The naveim proyr,,n rat ionale wilIl

bitird' ti, t us utii'I,trd for tlie pretvious scale odel pr jris,

I I~ TiefS I -!'1 7; i.e., tie,- tf ,ts will he pr i:-.ri ly 3crid nri in i lure,

wit h l imi td A o-nt c -*I ijurt ion . TI -e t,- t s 1will h e ru n i nd :- pe-ridott I y , hut

(),,cur (rntly wi th t ,e full arle te.st program-,,. Three: t est couifi guria t i ons

illa Ie eauot ed .

The 'i r st ccnf i jur rat ion t o hie tvalu -Ae w ill alIow f or

a i IP, -e t a ilpi;pe I cI t 1t ot arid will1 r (u i r e a now t ra ns it ion sect ion ejec tor

v. with an -nrr~ inlet. The inlet wil 11re jujst large cuhto

c u 1 0l e i "h 1(.q all: .. irg for sitsult-tion of C-inch (fril Icale) iic--- -nt of

tie tail]pipe. Tsts will Io run with the ungine tailpipe displc4ed onu-inich

(ute cale) in ti-c vertic-al and horirontai plains with arid wi thout the

adatersetion instIalled. Mectal suf oc t' '1 Tture, inter nal static

press,,ure rid flow at teclco2rt ('ata wi 11 I I i o dfor aich tes. AL ou st i c

data will Le rercorded nc,3r the inlet for each typical c-onfiguration with

and without thcn ,dapter plate. Aibitent ruriditions and exhaust noizzle flow

( ~~pajrere1t cr5 will als"o 1he Irirrded. /-~1.' O 397
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.. 1Cm, S iyth Swal It, ( de T'st Pi ,ji in - Cort 'd.

A ,co(nd i.ode) test ,eries will Le run to eeri-,ine the eff-cts on

at t0(_ I t of thIIe cn., [IIular f low Ir. t eied in fan eni-s ',I)ch -1S t Iie 11-41 ,jnd

I1 [3 0 -P -03 (no i-A/IB). fh-se tc',t s will 4-valuat e the effe-cts on jet defl,-ct ln of

tX I1 , 1s t f 1 .4 wi th a h Ig h veloI()c it y, , trr uIu is o)f c.i)ol er n-is , (i i i nJ ; ) thle ho t

t 0 ist prol y 'o 1e flIow. Sinc-e the full I cale pi ograrn irvolves onl y tt-st ing

wi th , jin-s %.,i 1 if I.' -u tn ivrs (whir h ol low.s ( u-nlar florw to mix at iinr-A/B

,tis) Il'e i le i '-ied t t-sts will pr ovide d'.ta a-rid eper alor-3 t renids

thm :-y Lo -.t i!,G1 itcd to 'ull I al e tp,-rat ion of long duct turbufdin etig isos.

T i e htod i,,d twl Iho1, to pi')vide a idial f low ,ystI(in with a hu)t inier core,

S ' vd t o ( - n U- ,t '. t le o1 20f a t1-14l o r I I) 0-rP- 1408( 1, 9i n~ (- _. I hi-irdie from

t ie P1r v Ious pu re t urt1oje1t flIew s i;mu it io(-n I it, s wil he I( u-,.:d i f poss ibl e.

The las t ie ies of miodeI test s wil h fe t tn-jd t o decve lop a

,, a - fuor tn .rig ine a i rc r af t. The ,e t 4-s t s will r (uui re a new Ioe wi th.

it !er t ;o , ts of transit ion ejec(t or s or orie set with intvrnal spl itters. A

4 1 Y- ei wile'' Cm(-rra su f,,(e will1 be r tqu i tr d vi th a i(cvs-abIe~ spIi t t er .

-,t 1, tl-ithn v.ill h e condiuct d al t -ir.,,t elIy %wi th onie t ,gi ne at A/B ond t he

tdtrr .t idle; with 1, oth :nigiires it full militory; with one cn-rle at idle

,.7d t he ot her a t f ullI nilI i ta ry; and wi th hot h ,;eg iros a t i dlIe perset t inrgs .

Thcese t est s wil h e rcpeated wi th and wi thou t a c:;t ur sur fac e hocunda ry (splIi ttr

insall Ied k0n t he Coanda sur face. The o-bje-ct i s to ob'sezrve; (1I) the efffects of

coilcurrtant jet defle-ction by two distinct pc,.-er jet sheets in the same deflection

!,e r tr, (2) any aidvurse bnundary cond it ions between two di st inc t energy I eve1 s

of ('y, .i;c in-s hich r-ight preveznt deflection, and (3) to determine if a

di vi (er i,_311 is r- qu ii ed L, t wen the twochaber.

rest r1i,,a i;,- asuirulccnts and calculat ions-1 during the laist two

test series willI include m-etal surface tem-peratures, internal static pressqures,

flew ottrmcnt p.ronters, nozzle cxha ust flow and o-bient counditions.

~7j.fj~,~jNO. D3-91514
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Dc s ign

?.5.R 1.. qu if cme IIts

Des5ign drawinigs will be prepa red fur the n--w v,-de 1li r~dwjre

.-nd facil1ity chanjrges requi red to ac(comipli-h the rildcl te-st ing out 1 med .-bcve.

The drawing (Auil ity will be .,uff icie-nt to (,,±edite fAric.3tiun by the Shop

with 1 iaisocn sypurt fiomn the de-sign .ngincor.

2.5. 1.1 .2Ciif itmrit io-nS

Mhe cenf iguriit ion of the Ccarida sur fcc((- -,nd tra-nsi t ion

ejectors for the f irst setries of r)jdel tes-ts to allow for engine tailpipe

u (r cI n s i s , I wwn i n F ig ur-e IS. The i (e Ils a re sim i I ar t o thI ose d evel Iojped

in prcv ious rmdcl tests (Refere-nces I and 2) except that the first ejec-tor

iil et will be enagdto capture the eniginc exhaust with tip to six inches

(ul I ae) ini "aIi yn n t. The design for ni Saligmn -AkeS it n-ce scary to

ii-v -se all of the ejector are(a ratios, but only the last ej-c-tor asptect ra"t io.

Figure 19 depicts the c-onf iyuration of the test setup for

test ing cnoannul ar f 1lows with a hot ce-nt or jet and a colder surround ing fle-w

at flow rate s simulating 1170 to 600 L-bs./S,-c. (full Scale). The e-xisting

s uppressor m-odel hard-w.are transition ej,-ctors and Ceacida surfac-e will be

used with this nozzle arrangement.

The model conf iguration for the twin engine, in-airframe

'-!.ptation test Ing is shown in Figure 20 . The transition section ejectors

1,a-ve a drlinlet that simulates the engine exhaust centerl ine distances

for the F-4, F-1lIlI, and F-15 aircraft. The F-14 engine exhaust centerlines

I C v'idO eri:h dart to casily adalpt to two separaite single engine ejector

E(- 'a s-ti(ns hcuse d in one acoustic enclosure. FacilIity chanues will

he rt-quired to provide two nozzles with centerl ines simiulating the distance

t~ en the engines as shown in Figure 20.

The twin eng ine and cearinul ar flow i, -del test hard%-.-are

de.-,ign will1 be fbased on the tailpipe ;nical 1iwneent test results.

NO). D3-91574
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2.5. 1 .2 rbr ic it !(

Tihe I. , .. !1 12 ~ J Y i I d for . 1 t i fig I 'i 1 pi f r i [ a0 CIi -,-->nt,

Figure 21, will 1re f.Ibiric~itcd fifrst.

FI~bric-it ion of tic lirfi're Awwn in r-igures 2?, 23, -rrd 214

r~i11hgi Ir;Oitcly ift I r I Ise pilf-t io.n of t ie f if t test ,er ics iml-,s

i ig is IS ]! r id .ti-d by thit t,-'A i g

2.5. 1.3 F, st f t -LUP

Vie i -rlcl .it 1 vg t for 1,1 ime at .d a3i i t t 1 l~ p

TV -nft test i s ,Iw .n ~ igr 8 yi ittir er 111 rC n( t f I '! froIm

pf t-V u Ls J, "101 ttests (Re(fe r,.nce(s 1 ariid 2) %.,ill ic- u, -d. Thi- eji rs,

Coairda surf.oee aind .rrIorptcr s are thosne snnin h-iire 21 . Thc J tors ore

posit ioned such that the ( xi t plane of one coinc itris wi th the 11n11t of the

t.,x t and wil I lu, al igred 'is close to the cystem curite-r1 inc, -s pussi ble.

The-d~dcr-rn~ fi' (u icr ,t-t-up i s ch-wn in

FI'rr T!)r. ,i d '- t fr! -Ie t he ei ,tI ig h-3 i ,,.ar e friom the

ii -rit tis.TI.? f.'2 fir-. ri a ;ails 3 ve 5sr,-.on i n fgu re 22.

N. C vi , t.[It .:id fii e - .- ft -dhoC iV its of t!,c snipprirt fr.,,?e are

e i i A as i n tlic P1 CV I Is ttS

The r~ri Ad 4 iai !--i n- r ajrrangteccnt for the twin egn

ortest is Oih r..n in 1Yiiure 20. The ejectors arind Coan!rida -ur f- ce

are sho,4n in Figure 23 anid the addi tion of the seodburner is shown

in Fi,:tjre 2t4 . A new support frane simi lar to the one for tire single Cc.anda

cr f ,, wil be 1( f,!brii-tcd. The c, b i I i ty for rovinq the Co,-,nda Surface

rd Crjr1-1(rs rip -id t~~. ri o thle s i (Ie t o s i ula t e ni s aI ynicen t will1 be

k; r.21t-d int o ths r as i t i s oin the s ingl e suvf, ce erj~or t fra-'e.

{ /.2!.~7~?2/!j fl. D3 -9574
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2.5. 1 .14 1 rit r umcnlt .t ion

The inst rivwenr-t ~t ion req(u ired on the nie1for ti- ha3i rc raft

ta3ilpipe rnial ignmnt test is shown in Figure 18 and Table 10.

Tihe ce oust ic inst ruinc-nt.-iton will tun tof p1 -icinq tw~o

I:,~~ -p iS.3tl4~e3h s ide of ti he xiuo1t Ittrr i ne at a rn-d i, I (I i t. -e

of 2 f.-vt ffr).jn the f ir "t ejec(-t or i nlet p1. -nc .-id centei rl I inc itte-r sct ion to

c.othur 1'ist ic rha. le ftr. -- ncY I -ge of inter-,est is 315 It, to 63 KHz

(24 onn-thi rd (Ict aive h,iids) for 1'43 c hich cor)jresponds to $0 Viz to

10 KHA full 1scale with tic tuse of a 1/6 scale- fc~ior.

Inst rumtintatiton i quirvd on the i (c-1 for the (coa-nnular

flIow te-s t (-,how-,n in f igure 19) is the saeas for the prior ial ig n t

Ics s incfe the mu u'del ha jrO-,,.3re is to be used.

The instru-entation r-equi red for the 2 l tvwnnrerginne

':;rn''orte 1-:-sI,,.n in Ficjure 20 is presented in Table I1I.

*~C h~ 2 In -.Idition to the individl3 mtj C-d ct .t ni I Id

F1 V L R:F c .0 PAF
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1,'~lLP ~ t4 T I I WJA I I~ F QI H

St ti Il/ (", 11e 
13-15 it .02 psi

at ~t'.crxit

static e~wiC 'i 12 10-6 t.02 psi

Ej (c toar 2a II s

static ?I C'"Ur esi 
IC10~ 

.02 psi

Co WIid SLITf,-cCe

Total pfr - ure riia 114 r -2 Q + 1%

Cu~,L irp 
12 ~ i15C0

0 0 ±2'

EJ,.(tor k'1is

Surface Tu- p 
0F 10 r-13 00 + 2%

Co,3nda Surface

Tctal Tt>n.p F 1~4 !:13000 ±2

Cc,-nda Exit EkJe

N. D3-357
1 4
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YW I is' ANG I NE IN S1 RU N I AI I ON PRI QU I ~LiIS

jiY PE &I 0c Ai IO10 UN ITS II FY R EAC_',URPAC Y

stat ic Pr1 sepsia 8 0-20 :t .02 psi

I. at E xit

VStatic rruw ure ps ia 12 i0-16 ± .02 psi

F j ~t or W4all1S

Statis Pir'ssare psia 10 1 0-Amb ± .02 psi

Total Pics-ure psia 114 An-0± 1%

Cea~r,,! Exit R.-.ke

Surface Tc;-,p 0 F 12 f.E1 50o, ± 2%

Ther;-coup Te
EjLctor Wails

CSurfacc Tc;72p 6 F 0 0  2%

Ejctor Splitters

Surf,-?e Thz:-,p IF10 f,7L-1300' 2%

Cc,ncda Surface

Suf~cT,:;-) "F 5 m.b- 1500 + 2%

Ti, i e I e
C;,&.n~ Sp 1it t cr

Tatal Tei;perature 0 F 1l4 13 0 000 :k 2%

Ccan;da rxit P.-,ke

O.D3-9574
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I E 1

Ko °

1AHi. E 72

GENERAL I JStRU f, IAI iIO1I PIQUIRLHi-['IS

TYPE &I.OCAI ION UNI S QANI I TY R A!NGE ACCURACY

Total Prcsure psia i 0-35 12%

Jet Exhaust

Total Temp OF 0-1600 + 2%

Jet Exhaust

Airflow- Ibs/Sc 0-8.0 + 1%
Prirary Jet

Airflow - hbs/Cec 0-10.0 ± 1%
C (e r ., u l a r o r - I ..

2nd ftozzle

Fuel Flow gpm 0-3.5 -%

Primary Jet

Fuel Flow- gpm 1 0-0.7 + 1%
Cc annular or
Second Nozzle

t-.bient Pressure psia 1 -- ± 1/2%

t-bicnt Tcnp 0 1 -- A 2%

One exhaust pressure and temperature required for misalign:-nent test
and two each for coannular and twin engine tests.

For A/B conditions (-30000 F) set up on a pie~tltermined fuel'and
airflow rate. For hon-A/B conditions re:asure temp,erature directly.

Peasure and record standard flow nozzle P, AP and temperature; and
calculate mass flow in a computer program.

I Y I-'F ' !NO. D3-9574
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Iv

2.5.1.5 Test Plan

The aircraft tailpipe mi.,, ignjent tests will be run first.

Ti,, od scale test lhariv.are for the twin t.ngine siriulation and for the

cr.,emular flow t,.sts will Ie (,csigied h.ned on results from the mi, aligrwient

ttt. -briction of the .riwlar ,nd twin engine hardware will not procet-d,

l v.... ver, utiI the mia3 itjni,'nt tests h.ve bcee-n completed. Therefore, th,-re

will i tim' -e (,,p sex ima tely ,even wiks) between the misal ignment test

,jnd the xiuJar floq and twin cnyine si1winlation testing. Table 13 prt-sents

the test confijuratiuns for evaluating the tailpipe misaligniient.

The coannular flow test will be run prior to the twin engine

simlatilon test. Table 14 presents the test configuration for evaluating the

ccnnnular flow engine concept.

Table 15 pre-,its the test (onf igurations which will be

.. :l:, .d for the twin engine simulations.

ihe flow conditions contained in Tables 13 and 15 are dIefined

,as fol lc..'s:

r i.INE CO!;DI-ION P t/P2 T.

0

Idle 1.05 210°F

Full Military 2.12 ]30°F

Full A/B 1.93 2920°F

FV LVR: F C T 2.0 75
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1 A -4E 13

1AIl.PIPE HISAL IGN11ENT 1 ST tC.P'YJA- IIOtNS
(ALL DIMENS IONS IN INCHISI

DATA
N01.F P7I'RY LO1.E/EJ1 CIOR SURF EXIT

NO. ,OIL E ILOW LON D ADAPIER K ISALIG . N T &T P T ACOUSTIC
s In t

4.31 Dia Full None flone X X
Mi I tary

2 None Nozzle I" Up X X

3 None Nozzle I" Dow X X

4 None 'ozzle I'I to X x

Side

5 4.62 Dia. None X X

6 4.62 Dia. Nozzle I" Up X X

7 4.62 Dia. Nozzle 1" Dow X X

8 14.31 Dia Fufl 4.62 Dia. Nozzle I" to X x

Military Side

9 6.18 Dia Full A/B None None X X x

10 None Nozzle I" Up X X

11 None Nozzle I" Dow X X

12 None Nozzle 1'  to X X
Side

13 6.63 Dia. None X X X

14 6.63 Dia. Nozzle I" Up X X

15 6.63 Dia. Nozzle '  Dow X X

16 6.18 Dia Full A/B 6.63 Dia. Nozzle I" to X X
Side

(-" INO. D3-0-74
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[ABI E 14

COANNULAR FLOW ILST CON EIGURA] IONS

DATA
C f rURA IION I LOW CONDI11 ON NO//L.F/FJCIOR SUREACE EXIT

NO." (r-41-2 ENGINE) 1ISALIGN:4[NT PS &T m  Pt & Tt

17 Idle. lone X X

18 j5% None X X

19 Full Military None X X

20 Idle Nozzle 1" Up X X

21 15% Nozzle 1" Up X X

22 Full Military Nozzle I" Up X X

23 Idle Nozzle I" Down X X

24 J5% Nozzle 1" own X X

25 FuI 1iilitary Nozzle I Down X X

26 Idle Nozzle 1" to Side X X

27 75% Nozzle I" to Side X X

28 Full IMilitary Nozzle I" to Side x X

Fic .sure ratio 5nd tt perature conditions to be provided later.

'tJ" L=-f°J I O. D3- 574
II

F V LI R: sCT 2.0 PAGE 17
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I fT.P, E 15

TWI N NG I NE Tf ST CON I r,UAT I O'NS
(ALL DIMEhNSIONS ItN inC LS)

Fp, I 1, ARY EJFC 1CR COA!JDA !0/t.[/FJILCIOR DATA
C OtF 141 LE I tOW CO1D COIF COF P, I SAL I G L LNT SULfI hCE EXIT
No. L.H. R.H. I. .H. R.H. PS&Tm Pt&Tt

29 4.31 4.31 Idle Idle 4o N4o

Dia. Ma. Spl itter Spf ttur None X X

30 4.31 Mill- Idle X X
Dia. tdry

31 4.31 Mi I i- M i i- X X
Dia. tary tary

32 6.18 Full Idle No X X
Dia. A/B Spl itter

33 4.31 Idle Idle with/ x X

Dia. Splitter

3!2 4.31 M. il i- Idle x X

Dia. try

35 4.31 M i l i- Mili- X X

Dia. tary tary

36 6.18 Full Idle X X

Dia. A/B

37 4.31 Idle Idle with/ X X
Dia Spli ter

38 4.31 Mi I i - Idle X X
Dia. tary

39 4.31 Mill- M i I i- I X
Dia. tary tary

LO 6.18 Full Idle with/ with/ None X X
Dia. A/B Splitter Splitter

41 4.31 Mili- Idle >1 > Nozzle I" Up X x
Dia. tary

42 4.31 4.31 Mili- Mili- Nozzle 1" Up X X
Dia. Dia. tary tary

( Configuration of ejectors and Co.nda surf,,ce to

be that judged to pi (duCet he he' t ,t t )o , Z'-,/ /. NO. D3-9574
from Configuration 29 through 40.

PIVL1R: SC T 2.0 - PAGE 78

V-30 3 R1



i F, I I. RY FJICIOR L O,'DA t;W 1)1 1 /FJ i 1 3 P ATA

E F. fO/7IE IC.4 CC'D. COINF c CN ,F AL I Ui. jiC E LXI T
IO. I .H. RtH. I .H. RH. P &T P FT

3 6.3 1 Fu Il- Idle 1o: Zle I" U X x

Dia. tory down

M14.31 1',I i- MiIi- Nihzzle " X X
t y t;,ry d,4n

116 6. 18 F ll Idle NM 1zle I" X X
IA/B dcwn

47 hM.31 , i 1i- Idle I:zzle I" X x

D : ry to side

38 1m.3 1 Iii- Mili- NozIe I X x
Dia. tary tary to -_ide

1,3 6.18 hI.31 Full Idle Nozzle I" x x
Dia. Di3. A/B to side

I N ruo..f;cu.-tion of e*.-ctors and Cc:-n',a surface to 5e that jua ed

to Hc Ice t he best attach:-.cnt from Configuration 29 thrcvjh 4o.

_0 . D3 - $7L
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2.5.1.6 Data R,-,Iuc t ion

RduJced data will be print ed out on-] ine from co.:,,pt-r itd -.

rcording.- The perform-ance pr intout will be simi lar to that shon in F igure 25.

rhe following data for each test condition will be tabulated:

At; ospher ic Pressure P (Ps ia)a

At rispt. r ic Tcwpi[)eratiure T (OF)
a

Jet T.: -. er,iture T. (OF)J

Prir3ry Flow Total Pressure Pt (Ps ia)

Primary Flow Pressure Ratio P t/Pa

Air Flow W (Lbs/Sec)
p

Nuzzle Area A (In )
P

Fuel flow Wf (gpm)

Duplicate data to that -bove will be recorded for the secondary flow of the

coannular flow test and the second nozzle of the twin engine simulation test.

Acoustic data for the two icrcphnes in the jaialiqirmh-nt test will

be recorded using the Ceneral Radio 1921 real time analyzer and Varian

computer for an on-I ine data .reduction. The printout from the printer will

be similar to that shown in Figure 18 . Sound Pressure Level (SPL) will be

t'._lated for crc-third nctave band frequencies con.erted to full scale

ciuivalcnts (i.e., frequency shift of eata by a factor of 1/6 and multiplying

distaince y six to account for the scale factor). Overall Sound Pressure Level

CCMASPL) and '"Al %,eighted CBA levels will be corputed and tabulated for

cach microphone location for each test condition.

Photographs will be taken of all r,,adel hardware and setups.

Identification inforiation such as run nu.:ber, model confiuration, scale

factor, date and meteorological information will e provided on each page

of data.

S- - - NO. C3-9574
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v ACOLIST I C !,ki !'~A DrAA
N~AVY COANDA/W- YHJ.C Y C'IJ NO) SE SUt";';'l SSOR

Coiif igurat ion (t(sc ript ion) - -- -

Pun (NLP-,ler) Conf. Pa:Tcr (se)

ri

P PSIA TA

P PASOITA P . PS IA
11 -12 -

T- F I T 0
I F  T 12 F

w bISc w Lh/ SO-
AT A2

0 0

~4 F1 ~ - WF2 gpmWF I p WF 2. . .

Ap In. 2  As  In. 2 ..

Ejector Ps I PSIA T S  I 0 F. . .

2 2

3 3

12 12

Coanda P I PSIA T I 0 F

2 2

2 2

3 3

14 14

N')/zle Ps I PSIA

iS - __

4 iS~Z// NO. D3-951 47

PV-T:FIGURE 25 [SFCT 2.0 F1AGL7 B

PROPOSED PERFORMANCE OUTPUT FORMAT
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A rujn ly %.il !,-c .-, ~~i ith ,ny infour *itun thit :I'jht I,(-

~I t 1" it to t ie tieSt I .'Illts ;Ilc iHl r'ra

Al 1 I', m t fIs ,!Id (-1", J es to t ic It .,dt I on
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c - c.1 3 RIt



7.6 TaQ. V I

r.i k VI ni of ''si nof the x ritl1a*ar

r~dd rr r~ a iiof the it -ilt" o f ts gtr i i i ir i n

2.6.1 nnt tr t'i.eDi-.it

-ll r , !, - I i ,- i hr t !ic ut ,ii iic t w il heI I t Iet p t e r y

of f ... '' I~ fil c. itiritor t't iig is co-qploted the ti-st

sile will !.c :11ird d In'*'- ii l i .,ewill h~e di3s. cd lnd

h pcd to a ?!,\vy f,,ciity wilich- !, ,~ iignnstd !,y the- 1!n.vy. D i c)s i ti on

of the uith -ale i ,M haNi I~2 .r wI hW &W- i,-u 1i at the -(mclusion of

?62 'IT t R, Pot

I. r l i t i n 74: inrg fratwill Fic pr,~ reid yn Lp1f t ion

e t - I I- iti. T h Is t -j-)i %wil heII a dtlta ilIed anr3lys is of the,. tes t

r it I -n f rft -1 tr t ti y tor Yt r) iine j,,.,:i f ic priobIu-n a r a% i n

2 .(.. t 1 T( t '-'lIts

,t -e'ul ,s of the ,: s ioth ,ca le :.-el teust in9 -wJIll he

* -- n t t. ,-)rt in the! 'fr ;,n of pe-r tinent graphs, chm-ts, arid ItaH x,

itiuns of j--rat.ional trepids. The results vvill he yr * ted

-;.ill c1( :vy tIii n iial pe-r sonniel to Cetetlmn, the

c ;th -J,- , del tc-ts to hc , ,- plinid ire

,riy ai H-I nv t 1 (ii )no ito ptiig t !e C, <i:3 pirn-r

S , l I j I, ,, Ii I ' n ~ it i, i. A i i cr i ft s t c tt S2  
cs to

1-s r fi 11jl t' , i 1,1 u" , I r t 10 'lIS

2.0 83
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2.6.-.2 A icrft y t(.In SIidTes - IIt d

a. Fc,.sibi 1 ity of ,pplyinOg the C.,Ptrda 'uppr u r C(.,,,.pt

to a ir c a ft 'y I ' (-.ns.

b. Airc ift t,) ipip "e li t effcts on je-t dc fl-ct iun

,-nd yas dyFmnics tillrnyh the tr. s it ii ,.tion.

C. Jut 0heet lit,.ct lun tv. ,n 'o diffe, .nt pr-..Jer

flovs in the ',,eI e cii hr; 5i'~,. rts for divide-r

v. 1ll twen separate ch ,:;r.rs; ul(- Its of si 'Jlat ;on

te,-tS for twin engine aircraft.

2.6.3 1 -.t ).ur Tes-t Fell Cost AnAlys, is

A p cli .ir- ry ,,st .nolysis for ,sti: it ing te., cst-p,:r unit

of the test cli , *vrt ,eDise eI; 'ur will he (,ol-, tr-,3 duri,,g the early

.,_,S of Task I. T his Lest wst r<, ie will e a I ttter i i rt ,-it ed

v_ r : , t with the a;tciaft y St;.) sudies o rly in the third 'iartr of

Fi 1 Y, ar I J5.

2.c l 4', lrator Test Cell Fial P,-port

Th,2 ,'-j-, ,st l tor test cell final rpurt will ir)clo e t!.e test

,fults, rr.e. ri rg ,ao operational analysis ,.nd design studies for tLhe full

(aV sudies, asn. 1 as a su. ,-ary of the uric-sixth scale y-del test r ul ts

frci t!c ,el scale fi,al report. This r eport will fulfill the Ic-qjire .nt

'(,c ie, d as AO04 on Form DDIlr23 of the contract Ind will . cn (D fol vat.

[,cr2.0 /A,, 4



2.6.4.1 Ora t ional1 Analys is

An ii;ur)it ant ijct of tlie d-ita ajnalyrecs is to def ine ts

(iell txl-*ust systmv c onf iirition e~i remii -ents, as relaitdA to the 1 i %t irig of

,irg ines in T,!lIe I. StuI d *1Cs Wil be pceF fori-d an d re-por-t ed to pri -d i ,t,

1,, . ed o)n ( !. iv. .d tI Ii d s, thfIe I~- II- i a! t e racterit ircs o f theICf01 , fo , iig

a. A 'univer 31" r_)nf i~juUt itio for 3l1 e-ng ines i sted

i n TaiblIe 1.

b. A 9 r oup o f cuL)n f i u rdjt i uns, ec h 1 i ri i t ed t o a pc i f ic

ai rf low handli ing capabilIi ty, over the ra-nge of enTgines

up to 600 1 bs/Sefc a i r f 1 ow.

f ~~~~~C . Ore conif i gura t 1 un tahot eoul1d crat i .fic tor i Ily h-ridlI e all

irei (s wi th a ir fl1u*),.s uip t o 600 Lbs/S-c .

2.6.4.2 FP ira tjt or Pr i - Rul1t s

T he f ifal Ire-Porit w i 11 include the re-ul ts of all pr,-test

P(; -rilK' t j~id (,esign Atndi'r~s allI test configuraition renults mnd the rls

of te'st it uts. All significant tt-.t da-ta will be analy/(_-d arnd olperat io. alI

t r I(,s i -po r t ,d. Ful I scale da, ta will be CO;Tpared to data/predictions f i Un

ol~ris 4a I I- "'eIVI " pr -;-s -,ile i ever pcsible. Atoustic attenuation an i d

jt dfletion will be related to actual var iations in test hard~.are .r~try.

I (-~ re-uIt s %will h ,e p reCnee- itek!d i n t.r, ug9h d et ailI t o e:, ,blIe !:3v y tec I i it-3 1

>:ee o Pirfi rre thie ( urat Icra c'~ !Ii ter ist ics for future noi se

r *s >.Hon t le Cr ii Ia/Pf t c t io(n (-on)(cpt.

2 6 5. rDes ign .) iaw 1nr s

Deta i I dc sign drnia will be generated for tj,.e in fobt- ;( t ion

of thfe priot tyjpe , -d/or p ,n(d ct i on u n it, a s doeir.)i ned by thle Nvy . This ,I 11

h~e ic c Ip i 01( d upon ( o:rp Ie t ion) of all t cct ing and c onf iqur a Mt i onl de-Sin It lidI . .

The d raw ings, i,,i I I be per Spec if i at ion M IL- D- 1000, Ca t gory E , G, ndA I , %,h i h

will fulfill the re'quiVCeea:t Piatdas A003 on Form DD1423 of the c *ntr,4ct.

____ i D3-9574
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1. D3-- 68 ''r*:, i bi Iit ty ,rd I n it i al I~ li i -td s of a
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J,-.mu.iry 193

2. D3 -9258, ''Cunf !i- iit ion Stal3e tid2 ;tcs of a
Co;,nii/Pofj Action fypu. Nf;o r. o'yt-i'

O'-tr)!er 191/3
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4. T.0. 2J-JI5-6, ''Tvecnical f~ua Fifld IUIaintii,rice
I nd ru t ions, Ul AF K?{ol1s JY5 P-17, J /5 P-I 9, ,nd
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5. C<,nttr.(,t VlCTiC11 t--n !:,val Air Fiiyincering
C. ritter (t .!,[C), Fh1P~i~ iii~ylvnia 1911?, .nd
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